Introduction
In an earlier study (Fraser et al., 1971 ) two discriminant functions derived from the results for plasma inorganic phosphate, alkaline phosphatase, chloride, bicarbonate and urea, obtained from hypercalcaemic patients on admission to hospital, led to diagnoses which coincided in 197 of 218 cases (90-4%) with the diagnoses reached after detailed clinical investigations. It was considered that the discrimination between the various causes of hypercalcaemia might be improved by including in the functions the results of other simple tests, in particular the erythrocyte sedimentation rate (ESR), which had not been considered originally because values were not available for every patient. This additional information has been collected for new patients. The present paper describes, firstly, experience with the original discriminant functions in 140 Discriminant analysis was carried out on these data, first using only the five biochemical variables, and then again including the ESR to see whether inclusion of the additional variable in the two functions could improve the discrimination between the five groups of patients. 
Results
In Fig. 1 the values of the two original discriminant functions have provided the co-ordinates which enable each new patient to be plotted on the graph derived in the previous study. The axes are graduated in standard deviation units and circles of radius 2-45 standard deviation units have been drawn around each group mean to represent in two dimensions the area in which 95% of the patients within each group might be expected to fall. Of the 103 new patients from U.C.H., eighty-three were placed correctly and unequivocally within a nonoverlapping part of a circle. Seven other patients were placed likewise within circles but were unequivocally incorrect. It is not surprising that a small number of patients lie outside the conventional 95 % limits. If, as a simple rule, such patients are assumed to belong to the nearest disease group, five will be correctly allocated and two will be wrong. Six patients were placed where circles overlap but in only two, in the overlap between circles A and C, does the origin of their hypercalcaemia remain in doubt.
These results for the 103 patients from U.C.H. are summarized in Table 2 . In ninety-two cases (89-3 %) the statistical diagnosis based on the initial biochemical results led to correct identification of the cause of the hypercalcaemia. The statistical diagnosis was incorrect in nine cases and unhelpful in two patients placed where circles A and C overlapped. Also shown in Fig. 1 and summarized in Table 2 are the results obtained when the values of the original discriminant functions were calculated for patients at the two other hospitals. In Fig. 2 the upper circles are based on the recalculated discriminant functions derived from only the five biochemical variables and the lower circles on the recalculated functions including the ESR.
The same 190 patients were included in both analyses and again the circles themselves cover areas in which 95 % of the patients within each of the five groups might be expected to fall. In Fig. 2 it can be seen from the relative positions of the circles that the inclusion of the ESR has reduced the amount of overlap between the groups so that the areas of uncertainty are smaller. The recalculated discriminant functions are now weighted linear combinations of six variables and take the following form: In Fig. 3 the values of the revised functions have provided the co-ordinates which enable the relative positions of 135 of the 140 patients to be studied. Five patients from U.C.H. could not be placed because an ESR was unavailable, including one patient wrongly diagnosed by the previous model. The results illustrated in Fig. 3 are summarized in Table 2 and are an improvement over the results obtained with the original functions. Now, 126 of the 135 cases are correctly diagnosed (93-3 %), six are placed in the wrong disease group and three remain equivocal being in the overlap between circles A and C.
Discussion
The original discriminant functions calculated from the first set of biochemical results obtained after admission to hospital indicated the correct diagnosis in 123 of 140 new patients (879 %). In five cases the statistical analysis was unhelpful and in twelve cases (8*6%) it was wrong. The functions were derived from data collected at U.C.H. and yet gave good results when used to analyse data collected at two other hospitals. This suggests that the technique is robust, and that the discriminant functions may be generally useful, provided that the laboratory analyses produce results which are reasonably comparable with those obtained at U.C.H.
Examination of the twelve cases in Fig. 1 , in which the statistical diagnosis disagreed with the final clinical diagnosis, showed that most of the discrepancies occurred between circles A or B and C. Seven patients with malignant disease, who should have fallen in circle C, were placed in circle A, and it is possible, and was proved in one case, that the nonparathyroid tumours in some of these patients were producing a parathyroid hormone-like substance. Conversely, one patient with an adenoma and two with parathyroid disease and osteitis fibrosa were wrongly placed in circle C, principally because of a moderate degree of renal failure. The inclusion of the ESR in the discriminant functions moved most of the non-parathyroid neoplasms previously misplaced in circle A to the right, so that fewer cases were confused with the parathyroid tumours when the revised functions were used (Fig. 3) .
Since the revised functions were derived from data collected at U.C.H., which included the ninety-eight new patients, one would expect them to perform well with these cases. However, the cases from the other two hospitals were not included in the derivation of these functions and therefore act as test data. The diagnostic accuracy of these cases also rose with the revised functions, from 83-7% (thirty-one out of thirty-seven) to 89-2 % (thirty-three out of thirtyseven).
It is concluded that the original discriminant functions derived from the five biochemical variables continue to work well both at U.C.H. and at the two other hospitals. However, the inclusion of the ESR in the functions results in some improvement in diagnostic accuracy and therefore the revised functions are preferable.
